REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


The  public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection 
of  information,  including  suggestions  for  reducing  the  burden,  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports 
(0704-01881,  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be 
subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently  valid  0MB  control  number. 

PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


1.  REPORT  DATE  (DD-MM-YYYY)  2.  REPORT  TYPE 

13/05/2004  Final 


4.  TITLE  AND  SUBTITLE 

Adaptive  Oceanographic  Sampling  in  a  Coastal  Environment  Using 
Autonomous  Gliding  Vehicles 


3.  DATES  COVERED  (From  -  To) 

01/01/2001-31/12/03 


5a.  CONTRACT  NUMBER 


5b.  GRANT  NUMBER 

N00014-01-1-0340 


5c.  PROGRAM  ELEMENT  NUMBER 


6.  AUTHOR(S) 

David  M.  Fratantoni 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

Woods  Hole  Oceanographic  Institution 
Department  of  Physical  Oceanography,  M.S.  21 
360  Woods  Hole  Road 
Woods  Hole,  MA  02543 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESSfES) 

Office  of  Naval  Research 
Regional  Office  Boston 
495  Summer  Street,  Room  627 
Boston,  MA  02210-2109 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


10.  SPONSOR/MONITOR'S  ACRONYM(S) 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION/AVAILABILITY  STATEMENT 

APPROVED  FOR  PUBLIC  RELEASE  -  DISTRIBUTION  IS  UNLIMITED 

13.  SUPPLEMENTARY  NOTES  ^nn  /  nCjM 

:UU4U):U  UfU 

14.  ABSTRACT 

Our  long-term  goal  is  to  develop  an  efficient,  relocatable,  infrastructure- free  ocean  observing  system  composed  of  high-endurance, 
low-cost  autonomous  vehicles  with  near-global  range  and  modular  sensor  payload.  Particular  emphasis  is  placed  on  the 
development  of  adaptive  sampling  strategies  and  the  intelligent  control  of  large  glider  fleets  operating  within  the  framework  of  an 
autonomous  oceanographic  sampling  network. 


15.  SUBJECT  TERMS 

autonomous  gliding  vehicles,  physical  oceanography,  coastal 


16.  SECURITY  CLASSIFICATION  OF:  f 

a  report 

b.  ABSTRACT 

c.  THIS  PAGE 

uu 

UU 

UU 

17.  LIMITATION  OF 
ABSTRACT 


18.  NUMBER  19a.  NAME  OF  RESPONSIBLE  PERSON 

PAGES  David  Fratantoni 

19b.  TELEPHONE  NUMBER  (Include  area  code) 

4  (508)289-2908 


Standard  Form  298  {Rev.  8/98) 

Prescribed  by  ANSI  Std.  Z39.18 


INSTRUCTIONS  FOR  COMPLETING  SF  298 


1 .  REPORT  DATE.  Full  publication  date,  including 
day,  month,  if  available.  Must  cite  at  least  the  year 
and  be  Year  2000  compliant,  e.g.  30-06-1998; 
xx-06-1998;  xx-xx-1998. 

2.  REPORT  TYPE.  State  the  type  of  report,  such  as 
final,  technical,  interim,  memorandum,  master's 
thesis,  progress,  quarterly,  research,  special,  group 
study,  etc. 

3.  DATES  COVERED.  Indicate  the  time  during 
which  the  work  was  performed  and  the  report  was 
written,  e.g.,  Jun  1997  -  Jun  1998;  1-10  Jun  1996; 
May  -  Nov  1998;  Nov  1998. 

4.  TITLE.  Enter  title  and  subtitle  with  volume 
number  and  part  number,  if  applicable.  On  classified 
documents,  enter  the  title  classification  in 
parentheses. 

5a.  CONTRACT  NUMBER.  Enter  all  contract 
numbers  as  they  appear  in  the  report,  e.g. 
F33615-86-C-5169. 

5b.  GRANT  NUMBER.  Enter  all  grant  numbers  as 
they  appear  in  the  report,  e.g.  AFOSR-82-1 234. 

5c.  PROGRAM  ELEMENT  NUMBER.  Enter  all 
program  element  numbers  as  they  appear  in  the 
report,  e.g.  61 101  A. 

5d.  PROJECT  NUMBER.  Enter  all  project  numbers 
as  they  appear  in  the  report,  e.g.  1 F665702D1 257; 
ILIR. 

5e.  TASK  NUMBER.  Enter  all  task  numbers  as  they 
appear  in  the  report,  e.g.  05;  RF0330201;  T41 12. 

5f.  WORK  UNIT  NUMBER.  Enter  all  work  unit 
numbers  as  they  appear  in  the  report,  e.g.  001; 
AFAPL30480105. 

6.  AUTHORIS).  Enter  name(s)  of  person(s) 
responsible  for  writing  the  report,  performing  the 
research,  or  credited  with  the  content  of  the  report. 
The  form  of  entry  is  the  last  name,  first  name,  middle 
initial,  and  additional  qualifiers  separated  by  commas, 
e.g.  Smith,  Richard,  J,  Jr. 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND 
ADDRESS(ES).  Self-explanatory. 


8.  PERFORMING  ORGANIZATION  REPORT  NUMBER. 

Enter  all  unique  alphanumeric  report  numbers  assigned 
by  the  performing  organization,  e.g.  BRL-1234; 
AFWL-TR-85-4017-VOI-21-PT-2. 

9.  SPONSORING/MONITORING  AGENCY  NAME(S) 

AND  ADDRESS(ES).  Enter  the  name  and  address  of  the 
organization(s)  financially  responsible  for  and  monitoring 
the  work. 

10.  SPONSOR/MONITOR’S  ACRONYMIS).  Enter,  if 
available,  e.g.  BRL,  ARDEC,  NADC. 

1 1 .  SPONSOR/MONITOR’S  REPORT  NUMBERfS). 

Enter  report  number  as  assigned  by  the  sponsoring/ 
monitoring  agency,  if  available,  e.g.  BRL-TR-829;  -215. 

12.  DISTRIBUTION/AVAILABILITY  STATEMENT.  Use 

agency-mandated  availability  statements  to  indicate  the 
public  availability  or  distribution  limitations  of  the 
report.  If  additional  limitations/  restrictions  or  special 
markings  are  indicated,  follow  agency  authorization 
procedures,  e.g.  RD/FRD,  PROPIN,  ITAR,  etc.  Include 
copyright  information. 

13.  SUPPLEMENTARY  NOTES.  Enter  information  not 
included  elsewhere  such  as:  prepared  in  cooperation 
with;  translation  of;  report  supersedes;  old  edition 
number,  etc. 

14.  ABSTRACT.  A  brief  (approximately  200  words) 
factual  summary  of  the  most  significant  information. 

15.  SUBJECT  TERMS.  Key  words  or  phrases 
identifying  major  concepts  in  the  report. 

16.  SECURITY  CLASSIFICATION.  Enter  security 
classification  in  accordance  with  security  classification 
regulations,  e.g.  U,  C,  S,  etc.  If  this  form  contains 
classified  information,  stamp  classification  level  on  the 
top  and  bottom  of  this  page. 

17.  LIMITATION  OF  ABSTRACT.  This  block  must  be 
completed  to  assign  a  distribution  limitation  to  the 
abstract.  Enter  UU  (Unclassified  Unlimited)  or  SAR 
(Same  as  Report).  An  entry  in  this  block  is  necessary  if 
the  abstract  is  to  be  limited. 

Standard  Form  298  Back  (Rev.  8/98) 


Adaptive  Oceanographic  Sampling  in  a  Coastal  Environment  Using 
Autonomous  Gliding  Vehicles 

David  M.  Fratantoni 
Physical  Oceanography  Department 
Woods  Hole  Oceanographic  Institution 
Woods  Hole,  MA  02543 
Phone:  (508)  289-2908  Fax:  (508)  457-2 1 8 1 
Email:  dfratantoni@whoi.edu 

Award  Number:  NOOO 14-01 -1-0340 
http://glider.whoi.edu 


LONG-TERM  GOALS 

Our  long-term  goal  is  to  develop  an  efficient,  relocatable,  infrastructure- free  ocean 
observing  system  composed  of  high-endurance,  low-cost  autonomous  vehicles  with  near- 
global  range  and  modular  sensor  payload.  Particular  emphasis  is  placed  on  the 
development  of  adaptive  sampling  strategies  and  the  intelligent  control  of  large  glider 
fleets  operating  within  the  framework  of  an  autonomous  oceanographic  sampling 
network. 

OBJECTIVES 

The  primary  objective  of  this  program  is  to  develop  and  demonstrate  moderate-term 
(weeks)  operation  of  a  multi-vehicle  network  of  autonomous  gliders  in  a  coastal 
environment.  Secondary  objectives  include  continued  development  of  a  adaptive 
sampling  strategies  suitable  for  large  fleets  of  slow-moving  autonomous  vehicles,  and 
development  and  implementation  of  new  oceanographic  sensors  and  sampling 
methodologies. 

APPROACH 

We  will  continue  to  collaborative  with  Webb  Research  Corporation  (East  Falmouth,  MA) 
on  the  redesign  and  field  testing  of  the  next  generation  coastal  glider.  We  will  perform 
sea  trials  of  this  vehicle  in  Buzzards  Bay  and  other  locations  in  order  to  evaluate  and 
improve  long-term  vehicle  performance  in  a  shallow-water  coastal  environment. 
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WORK  COMPLETED 


The  main  task  completed  was  a  complete  redesign  of  the  vehicle  incorporating  significant 
improvements  in  modularity,  capability,  and  robustness.  Major  improvements  include 
addition  of  a  modular  science  payload  bay  with  a  dedicated  computer  system,  integration 
of  acoustic  transducers  in  the  bow  cone,  and  addition  of  a  servo-controlled  rudder  for 
improved  lateral  control.  A  dedicated  science  computer  was  implemented  to  reduce  the 
processing  load  on  the  main  computer  and  facilitate  the  addition  of  modular  sensor 
packages. 

We  have  completed  the  development  of  an  integrated  glider  data  management  system. 
This  system  is  now  in  routine  use  in  our  laboratory  and  has  been  linked  with  a  web-based 
front-end  for  near-real-time  data  distribution  via  the  internet  for  integration  with 
assimilating  numerical  models  (see  httDs://glider.whoi.eduT  We  have  developed  a 
desktop-based  mission  simulator  which  allows  efficient  prototyping  of  adaptive  sampling 
algorithms  and  multiple-vehicle  interaction  with  arbitrary,  realistic  environmental  forcing 
(winds,  tides,  currents,  etc.).  Iridium  satellite  phone  is  now  the  primary  means  of 
bidirectional  vehicle-to-shore  communications.  The  system  is  robust  and  capable  of 
providing  truly  global  operation  of  autonomous  networks. 

RESULTS 

Operations  in  Tongue  of  the  Ocean  (Bahamas)  and  Buzzards  Bay  (MA)  with  three 
vehicles  during  winter  2002-2003  yielded  approximately  350  total  hours  of  automated 
network  operation  and  nearly  3000  vertical  profiles  of  temperature  and  salinity. 
Improvements  to  glider  hardware  and  software  stemming  from  these  field  operations 
have  resulted  in  a  significantly  more  capable  and  robust  vehicle  and  network  control 
system  which  is  now  ready  for  operational  scientific  use. 

IMPACT/APPLICATIONS 

Continued  development  of  multi-vehicle  network  operations  will  enable  efficient 
measurement  of  transient  ocean  phenomena  such  as  mesoscale  eddies  and  fronts  and 
streamline  distributed  environmental  observations  in  remote  or  hostile  locations.  A 
network  of  gliding  vehicles  will  supply,  in  an  efficient  and  cost-effective  manner,  high- 
quality,  near-real-time  environmental  information  for  operational  ocean/atmosphere 
forecasting  and  model  validation. 
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Above:  (LEFT)  Redesigned  electric  glider.  Major  improvements  include  addition  of  a 
modular  science  payload  bay  (center  section)  with  a  dedicated  computer  system, 
integration  of  acoustic  transducers  in  the  bow  cone  for  underwater  communications,  and 
addition  of  a  servo-controlled  rudder  for  improved  lateral  control.  (RIGHT)  Three 
vehicles  prior  to  deployment  in  Tongue  of  the  Ocean,  Bahamas  (January  2003)  for  deep¬ 
water  testing. 


